Introduction
Present-day understanding of the Var iscan Laurentia-Gondwana collision in Europe owes much to structural, metamorphic and geochronological studies carried out on the Allochtho nous Complexes (AC) of N\V Iberia (e.g. Martinez Catalin et a!., 1997, 1999 , and references therein). These studies have provided first-order con straints on the tectonothermal events involved in the Laurentia-Gondwana collision within the western European realm of the Variscan belt.
A major issue that has not been fully addressed in previous studies is the provenance of the allochthonous terr anes thrusted upon the Gondwanan margin (relative autochthon) during the course of the Variscan collision (e.g. Martinez Catalin et a!., 1996 , 1997 Matte. 2001) . It is generally agreed that the autochthonous terranes of NW Iberia (Fig. 1) were part of the Gondwanan continental margin, but there is little evidence as regards the parentage of the allochthonous terra nes. This issue is directly connected to the controversy regarding the pre-Var iscan evolution of these geological units In this work we investigate the prov enance and pre-Variscan tectonic set tings of the uppermost terrane of the AC of NW Iberia through a study of detrital zircon U-Pb ages in low-grade greywackes located in the uppermost structural unit of the nappe pile ( Fig. 1 ). This study is the first of its kind carried out on the Variscan AC of Iberia and is aimed at providing new constrains on their tectonic and pal aeogeographical evolution.
Geological setting
The Allochthonous Complexes of NW Iberia ( Fig. 1) , whose main geological features have been described in detail elsewhere (Martinez Catalin et a!., 1999, and references therein), consist of units stacked upon a relative autochthon considered to be the con tinental margin of Gondwana. These complexes, exposed as structural syn forms, are formed by units with dif ferent tectonothermal histories and are interpreted to be dismembered fragments of a Variscan accretionary complex (Martinez Catalin et a!., 1997 Cross Section (A -B) and granodioritic to tonalitic ortho gneisses at c. 500 Ma . These intrusions have been interpreted as arc-related rocks (Abati, 2000) . The uppermost part of the IP unit of the outboard terrane (the Betanzos Unit) is made up of siliciclastic green schist-facies rocks and is in tectonic contact with the underlying higher temperature metamorphic rocks. The lower part of the Betanzos Unit (Fig. 1) is a c. lOOO ·m·thick metased· imentary succesion consisting of black metapelites with alternations of quartzites. The upper part of the Betanzos unit consists of c. 1500 m of alternations of metagreywackes and slates with minor conglomerate levels. The whole unit is interpreted to rep resent a flyschoid succession deposited by a turbiditic system (Matte and Capdevilla, 1978; Gutierrez Alonso et aI., 2000) and has several charac teristics of sediments deposited in arnagmatic peri-arc basins. The abun dance of plagioclase, volcanic quartz and fragments of igneous rocks, com bined with the apparent lack of vol canic levels, suggest that this unit may represent a fore-arc basin fill (Diaz Garcia, 2000) .
Two samples of coarse greywackes were collected in the upper part of the Betanzos Unit (OS· 1 and OS·2, Fig. 1 ).
Analytical techniques
U-Pb dating of individual zircon grains was performed using 213-run laser ablation quadrupole ICP-MS at The Natural History Museum (Lon don). The 213-nm laser system is a novel development for LA-ICP-MS U-Th-Pb isotope ratio determina tions in zircons (Jeffries and Fernin dez·Suarez, 2001; Jeffries, 2001) . Further details on the technique and analytical procedures are given else where (Fernindez-Suirez et aI., 2000) . Zircons separated by conventional techniques were set in synthetic resin mounts, polished and cleaned in a warm HN03 ultrasonic bath. Cathodoluminiscence (CL) and back-scat tered electron (BSE) imaging was performed and only zircons consid ered to be homogeneous on the basis of their CL/BSE images, or large homogeneous cores, were analysed. Analyses were performed using a 213-nm Nd:YAG laser ablation sys tem (New Wave Research, USA) cou pled to a quadrupole-based rCP-MS (PlasmaQuad 3, Thermo Elemental, UK) with an enhanced sensitivity (S-option) interface. To reduce the effects of interelement laser-induced fractionation, the zircons were ablated at the lowest power density required to couple to the sample (pulse energy = 0.15 m1 per pulse). During ablation, the sample was moved relat ive to the beam along raster or line patterns, appropriate to its size. For each determination, time-resolved sig nals were carefully studied to select stable, non-fractionated intervals, ensuring that inclusions, zonation and core-rim features were always excluded from age calculations.
U-Pb results
Results of 84 spot analyses of zircons are shown in Table 1 and in the concordia diagrams and histograms of Figs 2 and 3. Although the analyt ical methodology and data reduction approach ensure that only isotopically homogeneous domains were consid ered for age calculations, analyses with discordancy higher than 30% were rejected. Furthermore, the 20 7 Pbl 20 6 Pb ages of all discordant analyses are consistent with U-Pb concordant data points ( Table 1 ), ensuring that age groups are not biased by the use of discordant analyses. U-Pb analytical results yielded the same zircon age populations in both samples and therefore data are presented together in Table 1 and Figs 2 and 3. This feature is consistent with the inferred equivalent stratigraphic position for both samples.
Samples OS-1 and OS-2 contain three main U-Pb age groups (Table 1 Within the first group, 37 analyses yielded Late Neoproterozoic ages (610-540 Ma), 24 analyses yielded Cambrian ages (540-500 Ma) and eight analyses yielded Early Ordovi cian ages (500-480 Ma).
Discussion
The data presented above provide a maximum depositional age for the Betanzos Unit at c. 480 Ma. There was no previous evidence for the age of the unit as neither palaeontological nor stratigraphic correlation criteria had constrained its stratigraphic age. This datum suggests that the deposition of the greywackes might have been coeval with the deposition of the Armorican Quartzite of the autochthonous terra nes (Bonjour et a!., 1988; Fermindez Suarez et a!., 2002a).
PaIaeogeographicaI links
The main feature of the zircon age populations in the greywackes from the Betanzos Unit is the lack of Mesoproterozoic zircons (Fig. 3) , at variance with detrital zircon age pop ulations in Neoproterozoic and Palaeozoic sedimentary rocks of the Iberian autochthonous terrane, which contain abundant zircons in the age range 900-1200 Ma (Fernandez Suarez et al., 2000 , 2002a .
A second feature of interest is that the zircon age pattern found in the greywackes matches that of Neopro terozoic and Early Palaeozoic metase diments from the Ossa Morena Zone in SW Iberia (Gutierrez Alonso et a!., 2001), the north Armorican Domain (Miller et The age spectra (c. 480-610, 1900-2100, 2400-2500 Ma) found in the greywackes match those of major events in the west African section of northern Gondwana, where no high grade Mesoproterozoic events have been identified. Therefore, and in conjunction with the above argu ments, we suggest that the periphery of the west African craton of northern Gondwana is the probable proven ance of the upper units of the Allo chthonous Complexes of NW Iberia.
Thoughts on possible tectonic settings
Although further work is needed to refine the constraints on the pre-Var iscan tectonic setting and evolution of the AC, a few constraints can be drawn. It is widely accepted that the Ordo vician Armorican Quartzite was depo sited in a platform bordering the African margin of Gondwana (e.g. Paris and Robardet, 1990) above section, we interpret this as an indication that the crustal element whose erosion produced the greywac kes of the Betanzos Unit had been detached from the margin prior to the lateral accretion of Arnazonia-derived blocks to the African margin. There fore, at the time of deposition of the Armorican Quartzite on the Gondwa nan platform there existed either a wide enough ocean separating the margin from the depositional locus of the greywackes or a barrier that impeded the access of detrital material from the continent. The latter possibil ity is compatible with a setting in which oceanic subduction and arc construc tion took place beneath the detached element. In such a case, the arc would have acted as a barrier for sediments shed by the continent and in this situation the basin separating the con tinen t from the detached element need not be very wide. This scenario implies that the greywackes would have been deposited as fore-arc sediments, which is consistent with their sedimentologi cal features (Diaz Garda, 2000) . In addition to the above, the V-Pb age spectra of detrital zircons in the greywackes of the Betanzos V nit are consistent with SHRIMP ages of zircon cores in high-grade metasedi ments of the underlying HP-HT units (Ordonez Casado, 1998) , suggesting that these units may represent vari ously metamorphosed and deformed sediments with the same source area and likely deposited in the same basin.
If this had been the case, and consid ering that the metasediments in the HP-HT units underwent high-grade and HP metamorphism at c. 500-490 Ma (Fernindez-Suirez et al., 2002b) , then an environment where crustal subduction took place ought to be invoked to account for that contin gency. In such a context, the greywac kes could be considered to represent an overstepped sequence of an arc edifice under which the HP and IP units were buried and exhumed in a short time span ( < 10 Ma, Fernandez-Suarez et ai., 2002b). In this setting, the youngest zircon population of the greywackes might record dismantling of the c. 500 Ma arc rocks. However, available geological and geochronologic data do not allow further constraints to be placed on the features of this suggested setting.
Synthesis
The data and observations discussed above are consistent with the follow ing hypothesis.
The upper units of the Allochtho nous Complexes of NW Iberia rep resent a fragment of the African section of Neoproterozoic Gondwana that was detached from the margin in pre-Ordovician times as a result of extension following the main episode of Cadomian-Avalonian arc con struction and terra ne accretion (cL Murphy et ai., 2000) . This detach ment might have taken place in the context of the opening of the Rheic oceanic realm. The basin thus cre ated separated the margin of Gondw ana from a detached element made up of cratonic basement c. 2 Ga old (plus some Archean component) and Cadomian-Avalonian arc material, which constitute the main source for the greywackes of the upper units of the AC. In the Early Ordovician, this basin was wide enough for sedi ments from the margin to be unable to reach the greywacke basin. Alternat ively, the greywackes could have been deposited as fore-arc sediments in a scenario of continentwards subduction and arc construction on the extended Gondwanan margin. In either case our contention is that the upper units of the AC may represent detached coun terparts of Ossa Morena and the north Armorican Domain resulting from the Early Palaeozoic break-up of the Gon dwanan margin that were eventually thrusted back upon it during the course of the Variscan collision. 
